Background: Previous studies have documented sex and racial/ethnic disparities in outcomes after acute myocardial infarction (AMI), but the explanation of these disparities remains limited. In a setting that controls for access to medical care, we evaluated whether sex and racial/ ethnic disparities in prognosis after AMI persist after consideration of socioeconomic background, personal medical history, and medical management.
M

ANY STUDIES IN THE
United States and abroad have observed differences in clinical presentation, prognosis, and treatment of cardiovascular disease, depending on the patient's sex and race/ethnicity. 1, 2 In particular, previous work focusing on sex differences has shown that women with obstructive coronary artery disease experience worse prognosis after acute myocardial infarction (AMI) compared with men. [3] [4] [5] This phenomenon has been at least partially attributed to the fact that women tend to present with symptomatic coronary artery disease 10 years later than men and therefore tend to have a higher burden of comorbid conditions, and to differences in the use of cardiac procedures between women and men. [6] [7] [8] In turn, previous research on ethnic disparities in the United States has demonstrated that black women tend to have higher death rates related to coronary disease than do white women. 1, 9 On the other hand, evidence of whiteblack differences in coronary disease mortality in men is more mixed. Although some studies found that black men experienced significantly less coronary disease mortality than white men, 10 others have found that black men had a greater short-term case fatality rate after coronary events compared with white men 11 and that treated young black patients with hypertension (despite a lower AMI incidence) had higher AMI mortality than did white counterparts.
We took advantage of a unique opportunity to use comprehensive data from a large integrated health care delivery system and from the 2000 US Census and investigate the following 2 research questions: (1) In a setting that controls for access to health care, are there sex and racial/ethnic disparities in prognosis after AMI across men and women in the 4 main ethnic groups (white, black, Hispanic, and Asian)? (2) To what extent are these sex and racial/ethnic disparities in prognosis after AMI explained by differences in socioeconomic background, personal medical history, and medical management?
METHODS
STUDY COHORT
We identified all members of Kaiser Permanente of northern California aged 30 to 85 years who were discharged alive after being hospitalized for AMI (as ascertained by a primary discharge diagnostic code 410.x) between January 1, 1995, and December 31, 2002 , in 1 of the 16 northern California Kaiser Permanente hospitals (from computerized medical services utilization data) or in out-of-plan hospitals (from claims data). This ascertainment method has 96% specificity based on the presence of 2 of the following 3 modified World Health Organization criteria: (1) ischemic symptoms, (2) electrocardiographic changes, and (3) enzyme or pathological evidence of infarction, using medical chart review and laboratory data as gold standard data sources. 19 The Kaiser Permanente Medical Care Program (KPMCP) of northern California is a group practice prepaid health care plan that is the largest and one of the oldest health maintenance organizations in the United States. The KPMCP currently provides comprehensive medical services through 16 hospitals and 23 outpatient clinics to more than 3.2 million members in a 14-county region of northern California that includes the San Francisco Bay and Sacramento metropolitan areas. Approximately 30% of the general population in the geographic areas served belongs to the KPMCP. As determined from a membership survey of a sample of the northern California KPMCP, the sociodemographic characteristics of the members are generally representative of the underlying population, except with respect to income, where KPMCP members somewhat underrepresent the very poor and the very wealthy. 20 The KPMCP membership also differs somewhat with respect to education, with 63% high school graduates compared with 56% in the general population. The estimated racial composition of the overall membership (estimated by the 2002 Member Health Survey) is quite close to that of the 2000 US Census-enumerated population in the San Francisco Bay metropolitan statistical area. 21 The KPMCP vs San Francisco Bay metropolitan statistical area ethnic composition is as follows: 66% vs 58% white, 6% vs 8% black, 16% vs 19% Asian, and 12% vs 15% other. Although 19% of the San Francisco Bay metropolitan statistical area self-identifies as Hispanic/Latino, 11% of the KPMCP does. By source of insurance coverage, the membership is 78.5% commercial (mostly through employment), 11% Medicare, 2.5% MediCal and other special programs, and 8% self-pay.
Age and sex were obtained from the patient's demographics file. Race/ethnicity information was obtained from several complementary and overlapping sources, including research surveys (ie, self-reported ethnicity) and inpatient electronic records (ie, assigned ethnicity). We preferentially used self-reported ethnicity when available (in 55% of the cohort); otherwise, we used the race/ethnicity as assigned by a health care professional in the inpatient record. In a previous validation study among more than 350 000 KPMCP members with race/ethnicity available from multiple sources, including assigned ethnicity in inpatient records, the agreement between the inpatient records and 3 distinct sources of self-reported ethnicity (ie, the 1994-2001 Member Patient Survey, the 1979-1985 Multiphasic Health Checkup, and the 1999 Member Health Survey) was 93.4%, 94.9%, and 95.3%, respectively. No information was available at the individual level on educational attainment, household income, or health behaviors such as habitual diet, alcohol consumption, or physical activity. To obtain sociodemographic characteristics, we assigned a geocode to each member of the cohort using MapMarker Plus version 9.1 software (MapInfo Corporation, Troy, NY) and we then extracted information at the block group level from the US Census 2000 22 on selected variables in the following 4 domains: (1) race/ ethnicity; (2) marital status (percentage of married persons among those 15 years and older); (3) economic factors (median household income, percentage of households below poverty level, and home ownership); and (4) education attainment/occupational status (percentage with completed college or higher among adults 25 years and older and percentage of population with predominantly working-class occupation among civilians).
History of coronary heart disease (including revascularization procedures), stroke, and heart failure was ascertained with hospital discharge and inpatient procedures data going back to 1979. Presence of diabetes mellitus was ascertained using the Kaiser Permanente northern California Division of Research Diabetes Registry, a database that captures all diabetic patients in the KPMCP with a sensitivity of 98%. 19 Other comorbid conditions (hypertension, depression, chronic obstructive pulmonary disease [COPD] , and asthma) were ascertained using hospitalization archived data and the automated outpatient services clinical records, which became operational in 1995 and include emergency department visits. Using real-time computerized pharmacy data, we retrospectively identified all cardiovascular, asthma, and antidepressant medications dispensed during the study period. The cardiovascular disease medication classes included nitrates, agents to lower cholesterol levels, angiotensin-converting enzyme inhibitors, anticoagulants/antiplatelet agents (excluding aspirin), calcium channel blockers, antiadrenergics, antiarrhythmics, and angiotensin antagonists. Recurrence of AMI, angiography, and revascularization procedures, including percutaneous transluminal coronary angioplasty and bypass surgery, during follow-up or the index hospitalization was ascertained using inpatient databases of all hospitalizations occurring at any of the 16 KPMCP hospitals in northern California plus out-of-plan hospitalizations, the latter captured using an automated database of claims (about 12% of recurrent AMI events were captured using this database). We used diagnosis and procedure codes from the International Classification of Diseases, Ninth Revision, Clinical Modification 23 (primary code, 410.x for AMI) and corresponding Current Procedural Terminology codes for angiography and revascularization procedures, respectively). The full diagnostic record is usually completed within 1 to 2 months after discharge. Deaths from 1995 through the end of the study were ascertained using the California Automated Mortality Linkage System, which has a sensitivity of 0.97 compared with the National Death Index. 24 The presumed underlying cause of death was also categorized according to codes from the International Classification of Diseases, Ninth Revision, 25 and, starting in 1999, codes from International Statistical Classification of Diseases, 10th Revision. 26 The study was approved by the Kaiser Foundation Research Institute's institutional review board.
STATISTICAL ANALYSIS
Statistical analysis was conducted using SAS software, version 8.2 (SAS Institute Inc, Cary, NC). Bivariate analysis was per-formed using analysis of variance for continuous, normally distributed variables, Kruskal-Wallis nonparametric analysis of variance for continuous skewed variables, and the 2 test for categorical variables. Age-adjusted rates of AMI recurrence and death from any cause, by sex and racial/ethnic groups, were estimated using Poisson regression. Person-time was calculated as years elapsed from entry into the cohort (admission date for first or index AMI) to nonfatal or fatal AMI, death by any other cause, closing date (December 31, 2002), or termination of KPMCP membership, whichever occurred first. The termination of KPMCP membership was determined as failure to appear in the monthly flag membership roster, with censoring date at the beginning of the month, ignoring any membership gaps during the study period. The median follow-up time was 3.5 years (maximum, 8 years). A series of 3 proportional hazards regression models was used to model the association between joint categories of sex and race/ethnicity (with white men as the reference group) and hazard of AMI recurrence and allcause mortality, with increasing level of multivariate adjustment. Model 1 adjusted for age and type of coverage; model 2 further adjusted for sociodemographic characteristics; and model 3 further adjusted for individual comorbidities (coronary heart disease, hypertension, diabetes, depression, COPD, asthma, stroke, and heart failure), medication use, angiography, and revascularization procedures performed during follow-up. To avoid collinearity within sociodemographic domains, we selected 1 census variable within each of the 4 domains (race/ethnicity, marital status, economic status, and educational-occupational status) on the basis of best model fit according to the Akaike Information Criterion (defined as the −2 ϫ log-likelihood value for the model, plus 2ϫ number of variables). 27 Median household income and percentages of married persons 15 years or older, persons 25 years or older who had completed college or higher education, and white patients were selected for the analysis of AMI recurrence; percentages of households below poverty level, married persons 15 years or older, civilians in predominantly working-class occupation, and white patients were selected for the analysis of all-cause mortality. Comorbidities, medication use, angiography, and revascularization procedures were modeled as time-dependent covariates. Indicator variables for missing values were used as required.
RESULTS
During the 8-year study starting January 1, 1995, 33 637 AMI index or entry events (defined by date of hospital admission) were identified among KPMCP members aged 30 through 85 years. Of those, the following were sequentially excluded: 86 with hospital discharge after December 31, 2002, 380 with no health care plan information after the index event, 2025 with no available information or inconsistent information on sex or race/ ethnicity, 696 with absent or incomplete address, 117 with residency outside northern California, and 9 with missing census information. These exclusions left 30 324 persons (20 263 men and 10 061 women) who were discharged alive after being hospitalized for AMI.
There were marked differences in age and sociodemograhic characteristics across sex and racial/ethnic groups ( Table 1 and Table 2 ). Among men admitted for AMI, white patients were the oldest (mean age, 64 years) and Asian patients were the youngest (mean age, 60 years). Among women, white patients were also the oldest (mean age, 69 years), and black patients were the youngest (mean age, 64 years). Compared with other sex and racial/ ethnic groups, white men and women were more likely to be covered by Medicare and less likely to be covered by commercial insurance. White men and women, compared with men and women of other ethnicities in the cohort, tended to live in census block groups with less racial/ ethnic diversity; on the other hand, black, Asian, and Hispanic patients tended to live in census block groups with greater racial/ethnic diversity. Relative to other racial/ ethnic groups, black men and women were more likely to live in census block groups with the lowest proportion of married persons, lowest median household income and home ownership, and highest proportion of households below poverty level. On the other hand, Asian men and Asian women tended to live in census block groups with the highest median household income and lowest proportion of households below poverty level. The black women's census block group of residence ranked the lowest in terms of educational level and highest in terms of workingclass occupational status, whereas the Asian men's census block group of residence ranked the highest in terms of educational level and lowest in terms of working-class occupational status. Table 3 shows the median and range of area-based characteristics of the northern California KPMCP. For instance, there were wide differences in the median proportion of white patients (37% in Oakland vs 81% in San Rafael), in households below poverty level (4% in Walnut Creek vs 12% in Fresno), and higher educational attainment (completion of college or higher, 13% in Fresno vs 47% in Redwood City).
Among men and women, prevalent hypertension, depression, stroke, and heart failure were highest in black subjects; coronary heart disease and diabetes were highest in Hispanic/Latino subjects, and small differences were observed across race/ethnicity in COPD ( Table 4 and  Table 5 ). Although no differences were observed in men, prevalent asthma tended to be higher in black women compared with the women of other ethnicities. We did not observe large differences in incident or newly developed comorbidities across racial/ethnic groups in either sex (most differences were below 5%).
Except for asthma and COPD agents in men, all medication use differed by race/ethnicity in both sexes. White men had the highest use of anticoagulants/antiplatelet agents and antiarrhythmics and the lowest use of angiotensin-converting enzyme inhibitors, calcium channel blockers (together with Asian men), and angiotensin antagonists. Black men had the highest use of antiadrenergics. Asian men had the highest use of ␤-blockers and agents to lower cholesterol levels and the lowest use of antidepressants and miscellaneous cardiac agents. White women had the highest use of antidepressants (along with Hispanic women) and miscellaneous cardiac agents and the lowest use of antiadrenergics. Black women showed the highest use of nitrates/vasodilators, angiotensinconverting enzyme inhibitors, and calcium channel blockers and the lowest use of agents to lower cholesterol levels, anticoagulants/antiplatelet agents, and antiarrhyth- †Indicates the unit of analysis with which the statistics presented for the census variables are calculated.
mics. Asian women had the highest use of angiotensin antagonists and the lowest use of asthma/COPD agents. Hispanic women had the highest use of asthma/COPD agents. There were significant differences in revascularization procedures after index AMI across sex and racial/ethnic groups; they were more commonly performed in Asian men (67%) and least commonly performed in black women (41%). Documented angiography ranged from 75% in Asian men to 59% in black women. During the 8-year follow-up, 4422 cohort members experienced a recurrent AMI (of those, 3682 were nonfatal and 740 fatal) and 6264 died ( Table 6 ). Age- 
Prevalent comorbidities
Coronary heart disease 348 (2) 303 (23) 270 (16) were at significantly increased risk of AMI recurrence. However, multivariate adjustment for sociodemographic background, comorbidities, medication use, revascularization procedures, and angiography effectively removed the excess risk of AMI recurrence in these 3 groups. About half of the attenuation of risk occurred after adjustment for census sociodemographic background in model 2 and the other half after adjusting for clinical variables in model 3. Age-adjusted rates of allcause mortality per 100 person-years of observation were higher in black men and black women and similar in the other sex and racial/ethnic groups ( Table 7) . Accordingly, in relation to white men, an increased ageadjusted risk of all-cause mortality was seen in black men (HR, 1.55; 95% CI, 1.37-1.75) and black women (HR, 1.45; 95% CI, 1.27-1.66), but this excess risk was greatly attenuated (and became statistically nonsignificant) in black men and was reversed in black women after multivariate adjustment. As in the case of AMI recurrence, the attenuation of the risk estimates was apparent in models 2 and 3 after adjusting for sociodemographic background and clinical variables, respectively. In the fully adjusted model (model 3), white and Hispanic women had a statistically significant lower risk of all-cause mortality compared with white men.
COMMENT
This prospective cohort study in a setting with equal and prepaid access to medical care shows that age-adjusted risk of AMI recurrence was significantly higher in black men, black women, and Asian women compared with white men and that age-adjusted risk of all-cause mortality after AMI was significantly higher in black men and women compared with white men. However, once a comprehensive set of covariables (including sociodemographic background, personal clinical history, and evidence-based medications) were accounted for, these sex and racial/ethnic disparities no longer existed. These re- (17) 76 (12) 75 (13) .03 Stroke 685 (9) 117 (12) 55 (9) 49 (9) .003 Heart failure 623 (8) 141 (15) 54 (9) 54 (10) Ͻ.001
Incident comorbidities
Coronary heart disease 2861 (36) 382 (40) 232 (38) 227 (40) .03 Hypertension 1731 (22) 171 (18) 115 (19) 126 (22) .01 Diabetes 423 (5) 62 (6) 44 (7) 32 (6) .15 Depression 1540 (19) 169 (18) 99 (16) 119 (21) .08 COPD 978 (12) 108 (11) 54 (9) 62 (11) .05 Asthma 470 (6) 64 (7) 32 (5) 42 (7) .30 Stroke 523 (7) 69 (7) 38 (6) 29 (5) .44 Heart failure 948 (12) 108 (11) 79 (13) 72 (13 sults are consistent with the interpretation that minority groups in our population experience worse outcomes after AMI because of disadvantaged social milieu and higher prevalence of comorbid conditions and cardiovascular disease risk factors, and not because of biological differences between the sexes or race. Our findings are in agreement with results from the Atherosclerosis Risk in Communities Study, in which black-white differences in mortality after AMI were explained by adjustment for vascular risk factors, socioeconomic position, and treatment, 28 and with earlier work in the KPMCP population demonstrating that after adjustments were made for risk profile and treatment modalities, women did not have a significantly increased risk for cardiovascular disease compared with men. 29 Even in the age-adjusted analysis, the magnitude of the sex and racial/ethnic disparities in our cohort was much smaller than that previously reported in the literature. 1, 17, 28 This may reflect the lack of barriers to medical care and the effects of the Kaiser Permanente group model environment, which is anchored in sound evidencebased practice guidelines. The KPMCP in northern California has 4 centers of cardiovascular excellence (in San Francisco, San Jose, Oakland, and Sacramento), programwide outpatient programs such as the Cholesterol Management Program and the MultiFit Cardiac Rehabilitation Program that reach all members regardless of sex and racial/ethnic background, and disease registries (such as diabetes and acute coronary syndromes) that facilitate prevention and health care effectiveness research.
Consistent with the Heart and Estrogen/Progestin Replacement Study, 17 black women in our sample had a higher prevalence of hypertension, diabetes, and hypercholesterolemia (and lower use of agents to lower cholesterol levels and higher use of angiotensin-converting enzyme inhibitors) compared with white women. An unexpected finding in the current analysis was the higher risk of AMI recurrence among Asian women (relative to white men), despite a somewhat favorable socioeconomic position. However, Asian women were found to have higher prevalences of hypertension and diabetes compared with white men.
The point has been made that racial differences in revascularization are in part responsible for mortality differences between black and white patients. 30 Schulman et al 31 documented, in a simulation study, that black women (compared with white men) were less often referred for cardiac catheterization despite having the same clinical presentation. In our cohort, we noted significant differences in revascularization procedures and angiography after AMI across sex and racial/ethnic groups such that black men were less likely than other men to undergo revascularization procedures or angiography, and the same was true for black women. These findings are in agreement with those of a study in the Veterans Affairs System in which black patients received substantially fewer cardiac procedures after AMI than white patients, but, despite undergoing fewer interventional procedures, black patients had equivalent intermediate survival rates compared with white patients. 32 An excellent comprehensive review of this area also reached similar conclusions. 16 The lower rate of cardiac procedures among black patients may be the result of more diffuse atherosclerosis in black compared with white patients 33, 34 rather than any overt prejudice on the part of physicians.
Our study has some notable limitations. First, we did not have information on potential mediating variables such as obesity, smoking, blood lipid levels, direct blood pressure measurements, thrombolysis at the index event, coronary anatomy, use of aspirin (because the pharmacy database did not capture over-the-counter medication), or time from chest pain presentation to hospital admission for AMI. However, we were able to adjust for treated dyslipidemia, antihypertension medication use as a surrogate for elevated blood pressure, and COPD and asthma as clinical surrogates of smoking. Second, although the authors did not specifically address sex and racial/ ethnic groups, a previous Kaiser Permanente study 35 found that thrombolysis did not differ significantly by medical facilities with low or high rates of angiography. Third, we were not able to distinguish between ST-segment and non-ST-segment-elevation AMI. This distinction may be important, as demonstrated by recent data from the Euro Heart Survey of patients with acute coronary syndromes, in which female sex was a negative determinant of presenting with ST-segment elevation in patients younger than 65 years. 36 Fourth, we used census block groups' socioeconomic data as a proxy for individual-level socioeconomic standing, which may have introduced measurement error. 37, 38 Finally, we did not segregate Asians into the different Asian subethnicities. The Asian population of the San Francisco Bay area, and thus KPMCP membership, is mainly Chinese, followed by Filipino and South Asian (Indian and Pakistani), with lesser representation of those with Japanese and Korean ancestry. Similarly, we did not consider the diverse Hispanic heritage, which in our geographic area consisted mostly of Mexican American and Central American ancestry, with a relatively lower proportion of persons with Cuban, Puerto Rican, or South American ancestry.
The strengths of the study include the large sample size derived from the general population (not from a few selected tertiary centers), the ability to remove the effect of access to health care (by virtue of being a KPMCP member), the excellent representation of racial/ethnic minority groups, the availability of high-quality clinical exposure variables and outcomes, and the socioeconomic indicators.
CONCLUSIONS
Our results are consistent with the hypothesis that racial/ ethnic disparities after AMI are attributable to differences in socioeconomic standing, comorbidity burden, evidence-based therapies, and cardiac procedures. This conclusion has a number of possible explanations that our data could not address and that should be the topic of further research. For example, low socioeconomic standing may be associated with worse adherence to prescribed regimens of pharmacotherapy, exercise, diet, smoking cessation, or self-monitoring, with less involvement in medical decision making or with a longer time course from first symptom to hospital admission for AMI. 
